Background. Recruitment of older adults into long-term clinical trials involving behavioral interventions is a significant challenge. The Lifestyle Interventions and Independence for Elders (LIFE) Study is a Phase 3 multicenter randomized controlled multisite trial, designed to compare the effects of a moderate-intensity physical activity program with a successful aging health education program on the incidence of major mobility disability (the inability to walk 400 m) in sedentary adults aged 70-89 years, who were at high risk for mobility disability (scoring ≤9 on the Short Physical Performance Battery) at baseline.
and cost; and experience a poorer quality of life (3) (4) (5) . To address this critical public health issue, the LIFE Study, a phase 3 multicenter randomized controlled trial, was designed to compare a long-term physical activity (PA) program with a successful aging (SA) health education program on the incidence of major mobility disability (the inability to walk 400 m) in sedentary older persons (6) .
A significant challenge in the conduct of all clinical trials of older persons, particularly long-term trials involving behavioral interventions like PA, is the identification and recruitment of participants who reflect the sex, race, and functional capacities of the target population and who might stand the most to gain from interventions designed specifically to enhance physical and cognitive function (7) (8) (9) (10) (11) (12) (13) (14) .
In this report, we describe the successes and lessons learned from the LIFE recruitment effort and report recruitment yields overall and by sex, race, and baseline lower extremity functional status. We also describe the baseline characteristics of the participants. These data will provide helpful information for investigators seeking to recruit older adults on the brink of losing their independence into clinical trials aimed at improving physical function with behavioral and/or pharmacological interventions.
Methods

Study Design
The LIFE Study is being conducted at eight field centers: University of Florida, Gainesville, Florida; Northwestern University, Chicago, Illinois; Pennington Biomedical Research Center, Baton Rouge, Louisiana; University of Pittsburgh, Pittsburgh, Pennsylvania; Stanford University, Stanford, California; Tufts University, Boston, Massachusetts; Wake Forest University, Winston-Salem, North Carolina; and Yale University, New Haven, Connecticut. The Administrative Coordinating Center (ACC) is at the University of Florida and the Data Management, Analysis and Quality Control Center is located at Wake Forest School of Medicine. The LIFE Study was approved by the Institutional Review Boards of all participating centers.
The rationale, design, and methods of the LIFE Study have been presented in detail (6) . In terms of sample size and duration, the LIFE Study is the largest and longest randomized controlled trial of PA conducted to date as evidenced by reviewing randomized controlled trials of PA in older adults with functional assessments as the primary outcomes ( Supplementary Figure 1 ). Participants will be in the LIFE study from 1.9 to 3.7 years, depending on the time of randomization during the 21-month recruitment period. Sedentary older adults at high risk for mobility disability were randomized to either a PA intervention that encompassed both structured exercise and PA focused on walking, which also included strength, flexibility, and balance training, or a successful aging (SA) health information and education program. The details of these interventions can be found in the study by Fielding and colleagues (6) .The primary outcome of major mobility disability was evaluated every 6 months and at study closeout. Secondary and tertiary endpoints were evaluated every 6, 12, or 24 months during the trial.
Study Recruitment Goals
The recruitment goals over the 21-month recruitment phase of the LIFE Study were to randomize 1,600 sedentary older adults (200/site), aged 70-89 years, without major mobility disability but at high risk for developing it (Short Physical Performance Battery [SPPB] score ≤9), with at least 45% of the sample having a SPPB score less than or equal to 7, and with minorities comprising more than or equal to 22.5% of the sample. In the LIFE Pilot (LIFE-P) study (8), 7.4 participants were screened for each person randomized. We used more stringent criteria for PA screening in LIFE, and therefore predicted that 20% more individuals would be excluded than in LIFE-P, leading to an anticipated need to screen 9.3 individuals for every randomized participant.
The Data Management, Analysis and Quality Control Center monitored recruitment activities and provided the study Recruitment Committee and each field center with a range of on-line real-time reports to track recruitment progress on critical study benchmarks. Sites also generated local tracking reports to monitor site-specific features of recruitment. Reports included graphs and tables summarizing recruitment yields and progress toward the recruitment goal of 11-13 randomized participants per month for each site and the desired subgroup distributions according to SPPB score, sex, and race and ethnicity.
Eligibility Criteria
The LIFE Study eligibility criteria were designed to identify older persons who are (a) sedentary, defined as less than 20 min/wk of regular PA in the past month and reporting less than or equal to 125 min/wk of moderate/vigorous PA based on 18 items from the Community Healthy Activities Model Program for Seniors (CHAMPS) physical activity questionnaire (15); (b) at high risk for mobility disability based on objectively assessed lower extremity functional limitations assessed by the SPPB (score ≤9) (3); (c) able to walk 400 m in less than or equal to 15 minute without sitting, leaning against the wall, the assistance of another person, or a walking aid other than a straight cane; and (d) are able to safely participate in the intervention (see Table 1 in ref. [6] ). This represents a large segment of the older population in which successful prevention of mobility disability through a lifestyle intervention would have a major public health impact (16) .
Recruitment Strategies
As in the LIFE-P Study (8, 17, 18) , the Recruitment Committee had representation from all sites, coordinated all recruiting activities, and developed materials for study-wide use, all facilitated by monthly conference calls. In consultation with the Recruitment Committee, field centers were encouraged to implement recruiting plans to best suit local needs. The recruitment strategies used in LIFE-P proved very successful, so the LIFE Study sites used updated versions of the LIFE-P advertising materials, brochure, and press release, tailored to suit their local mailing and media market (see Supplementary Material for an example of a study letter and trifold bulk mail brochure). In addition, several sites (University of Florida, Wake Forest University, Pennington, Tufts, Northwestern University) made use of their existing participant research registries. To kick off the recruitment phase, the Administrative Coordinating Center issued a national press release (in conjunction with National Institute on Aging), and each site issued a site-specific press release describing the study and providing contact numbers for enrollment information. Centers employed a variety of recruitment strategies (Table 1) .
Advertising materials targeted older adults with preexisting lower extremity functional limitations focused on the theme, "Do you have trouble getting in and out of the car; walking outside your home; climbing stairs?" We made significant efforts to recruit racial and/or ethnic minorities, and each site produced culturally appropriate recruitment materials. Transportation and/or monetary incentives were used to offset the burden of travel to assessment visits.
Screening and Randomization
Respondents were screened by telephone or, rarely, face to face. The screening instrument was scripted and designed to identify eligible participants efficiently by focusing on major criteria that could be self-reported (age, functional limitations, amount of PA, and medical history). Individuals who participated in LIFE-P were not eligible because of concerns about contamination and dropout if they were unsatisfied with their group allocation. Demographic information and the recruitment source were also collected. Participants provided verbal informed consent for the telephone screening.
Those who remained eligible were invited to attend a prescreening visit where an overview of the study was provided in a group or one-on-one format. Following a question and answer session, attendees were invited to review and sign a prescreening consent form for the SPPB and CHAMPS. This was implemented to avoid administration of the much longer full-study consent form only to determine that a person was ineligible on SPPB, which we knew from LIFE-P would excluded a large number of individuals (8) . Those still eligible after administration of the SPPB and the CHAMPS-18 were invited to attend a first screening http://biomedgerontology.oxfordjournals.org/ visit (SV1) or, in the case of a one-on-one prescreen, simply continued with SV1. At SV1 and SV2, medical and functional exclusions were assessed (see Tables 1 and 2 in ref. [6] ). Briefly, SV1 included the completion of the main study consent form; the collection of height, weight, pulse, and blood pressure; completion of a medical history questionnaire and a battery of cognitive function assessments; and an electrocardiogram. Following a physical examination and medical history review by a physician, advanced nurse practitioner, or physician assistant, participants with no potential exclusions or safety concerns were asked to complete self-reported disability assessments and the 400-m walk. The study clinician cleared all participants for the study before the administration of the 400-m walk. If the participant remained eligible, they were given an accelerometer and instructions on how to use it. A prerandomization "study expectations contract" was discussed at the end of SV1 or beginning of SV2, with the goal of augmenting the informed consent process, reinforcing study expectations, and providing additional time to consider their commitment to the study in an effort to reduce dropout (see Supplementary Material for an example of the prerandomization study expectations contract).
At SV2, if necessary, participants completed any measures not completed at SV1. SV2 was done in the fasted state. A snack was provided after the collection of blood and urine and then the following measures were collected: computerized cognitive testing battery, process measures, claudication and ankle brachial index, sleep quality questionnaires, spirometry and pulmonary function questionnaire, grip strength, and Quality of Well-being and Health Care Utilization questionnaires. A senior staff member reviewed the "study expectations contract" with the participant. If the participant reaffirmed their commitment to the study, they were randomly assigned (1:1 ratio) using a web-based system to either the PA or SA intervention. The Neighborhood Environment Walkability Survey was administered postrandomization.
Tracking Costs
Direct recruitment costs were tracked and broken out from other costs that included the item description, quantity of item used, and the cost of items used. Research staff completed the tracking forms quarterly. Total recruitment costs were aggregated across all sites. To estimate personnel costs, staff effort was obtained because actual personnel costs varied significantly across sites.
Staff Training
A training meeting was held for all investigators and staff in January 2010 at the University of Florida. All study staff reviewed the protocol and the chapters of the Manual of Procedures pertaining to their role in the project. Assessment *Note that because different clinical sites manage recruitment flow differently, we have adjusted some interim totals to make clinics comparable.
at U. of Florida Health Science Center Library on June 24, 2013 http://biomedgerontology.oxfordjournals.org/ Downloaded from staff also reviewed web-based tutorials and/or CD training modules for several study outcomes. The lead assessors and interventionists received certification related to their role in the study. We used a "train-the-trainer" model to train and certify additional staff at each field center. Recertification is required annually (quarterly for the SPPB), prompted via emails from the Administrative Coordinating Center, in order to minimize assessment drift and enhance standardization across all field centers. Webinars are conducted as needed for continuing education of assessment staff.
Statistical Analyses
Descriptive statistics were used to provide mean characteristics of study participants and randomization rates among those completing a baseline visit. Chi square tests were used to compare randomization rates across recruitment sources, sex, race and ethnicity, level of baseline function assessed by SPPB, and site where we compared sites based in the large metropolitan areas (Chicago, Boston, Pittsburgh) to the other sites. For the baseline characteristics, between-group differences were examined using independent-samples t tests for the continuous variables and chi square tests for the categorical variables.
The recruitment efficiency factor (R-factor), the ratio of the number of person-years actually accrued divided by the number of person-years expected during the planned recruitment period, was used to assess the efficiency of the recruitment process (19, 20) . The LIFE Study power estimates assume a constant rate of recruitment over the recruitment period that is consistent with most clinical trials. Calculating the area under the curve of the recruitment line identifies the proportion of expected person-years during recruitment (21) . An R-factor of 1 indicates 100% efficiency.
Results
In total, 1,635 participants were randomized over the 21-month recruitment period, with the target of 1,600 reached in late November 2011 ( Supplementary Figure 2a) . The first randomization occurred on March 12, 2010, and the final randomization on December 27, 2011. Sites with participants in the recruitment pipeline completed screening and testing visits and randomized these individuals; hence, the total number of participants randomized (N = 1,635) exceeded the target of 1,600.
The R-factor for the study was 1.11, indicating that we accrued 11% more person follow-up than planned during the recruitment period. The recruitment rates for participants with SPPB less than or equal to 7 ( Supplementary  Figure 2b ) and racial minority ( Supplementary Figure 2c ) also tracked on or above the recruitment goals. The recruitment of Hispanic participants lagged initially but accelerated when a second intervention location was opened in San Jose by the Stanford site in Summer 2010 ( Supplementary  Figure 2d ). There were site variations in recruiting particular cells, and sites dynamically changed recruitment emphasis to stay on track with study goals. The consistency of the flow of randomized participants into the trial during the recruitment phase both studywide and at each field center was remarkable ( Supplementary Figures 2a and 3) .
The recruitment flow from telephone screening to randomization is depicted in Figure 1 . In total, 14,812 telephone screening interviews were completed, and 1,635 participants (11.0%) were ultimately randomized to PA (n = 818) or SA (n = 817). We screened 9.06 individuals for every randomized participant. A common reason for declining further screening was the realization by the participant of the commitment required for participation in the study. The SPPB excluded a much higher percentage of participants compared with the CHAMPS because it was typically completed first at the prescreening visit. The 75 participants who successfully completed all screening steps but were not randomized were not willing to sign the expectations contract or were unwilling to accept randomization to either group.
Recruitment Strategy, Yield, and Costs
The number of screened and randomized participants according to recruitment strategy were comparable across sites (Table 1) . Directly mailing a study brochure or personalized letter to households with age-eligible residents (obtained from commercial databases and voter registration lists) was the most commonly employed strategy, leading to 59.4% of study contacts and 59.5% of randomizations. Newspaper advertisements were the next most commonly employed strategy, accounting for 14.0% of contacts and 14.7% of randomizations. Although the field centers employed similar strategies, the emphasis across sites differed. For example, Pittsburgh and Yale focused on personalized letters, whereas Tufts, University of Florida, and Wake Forest University expended more resources on the study brochure and Northwestern University focused on newspaper and radio advertisements.
A higher percentage of initial telephone screens was generated from both newspaper advertisements and direct mail among non-whites compared with whites (16.0% vs 12.5% and 62.3% vs 56.7%, respectively; p < .0001 for both). A lower percentage of initial telephone screens was generated from promotional events (0.58% vs 2.75%; p < .0001) among non-whites vs whites. Interestingly, a higher percentage of initial telephone screens was generated from newspaper advertisements for persons with SPPB less than or equal to 7 compared with those with SPPB of 8-9 (16.4% vs 13.6%; p = .0043). A lower percentage of initial telephone screens was generated from direct mail for persons with SPPB less than or equal to 7 vs SPPB of 8-9 (59.9% vs 64.7%; p < .0001). There was no difference in percentage of contacts generated from promotional events at U. of Florida Health Science Center Library on June 24, 2013 http://biomedgerontology.oxfordjournals.org/ when comparing respondents with lower vs higher levels of lower extremity function.
Recruitment yield (randomizations/telephone screens) averaged 11.0%, and ranged from 6.1% at Yale University to 19.3% at Wake Forest University. The screening yields across visits ( Table 2 ) and percentage of participants randomized for the key subgroups of sex and baseline function (Table 3) showed remarkable consistency across the field centers. The yields for race and ethnicity closely reflected the site-specific goals. Of the 8,853 women initiating a telephone screen, 12.4% were randomized, compared with 9.2% of 5,838 male telephone screenees (p < .0001), who tended to be more active and less functionally compromised. There was no difference in yield between white and 
25.7% Declined Further Screening
Screening Funnel Exclusions
* Categories not mutually exclusive at U. of Florida Health Science Center Library on June 24, 2013 http://biomedgerontology.oxfordjournals.org/ Downloaded from minority screenees. Screenees who had higher functioning, as assessed by the SPPB, were more likely to be randomized than lower functioning individuals (48.2% among SPPB 8-9 vs 40.8% among SPPB < 8; p < .0001). There was no difference in yield at sites based in the large metropolitan areas compared with the other sites. Table 4 displays the percentage of participants recruited using each recruitment method and the associated recruitment costs. Overall, total direct recruitment cost was $1,374,214, which does not include indirect or personnel costs. This equates to $840 per randomized participant. Mass mailings resulted in 57.9% of the total randomized participants and cost $695 per randomized participant, and newspaper advertisements resulted in 14.9% at a cost of $1,128. Television and radio advertisements and recruitment events were relatively inefficient recruitment strategies, costing $3,199 and $3,981 per randomized participant, respectively.
Recruitment Goals and Baseline Characteristics
The descriptive statistics for the randomized study sample are presented in Table 5 . The mean age of the total sample was nearly 79 years, and 63.8% reported education beyond high school. Two thirds were female participants, and approximately one quarter reported a race or ethnicity other than white. On average, the sample was classed as obese with a mean body mass index of 30.2 kg/m 2 . High blood pressure/hypertension was the most prevalent comorbidity (70.4%), followed by diabetes (25.3%) and cancer (22.6%). The mean SPPB score was 7.4 ± 1.6, with 44.7% of participants having a score less than 8.
As expected, the randomization scheme produced baseline characteristics that were balanced across treatment groups. In particular, the two groups were qualitatively similar in lower extremity physical function and disease burden, two important potential moderators of the key outcomes in the study.
Staff Effort
In general, the mean staff effort budgeted for the 21-month recruiting effort was approximately 1.0 fulltime equivalents (FTEs) although the sites varied in the manner in which staff effort was allocated within the site infrastructure. For example, the Pittsburgh site employed a recruitment coordinator at 0.1 FTEs for 1 year and two staff recruiters at 0.5 FTEs for 1 year for a total of 1.1 FTEs. Similarly, the recruitment coordinator at the Pittsburgh site averaged 0.6 FTEs over the course of the recruitment period but was supplemented by two telephone screeners at 0.7 FTEs. Pennington Biomedical funded a recruitment coordinator at 1.0 FTE and telephone screener at 0.5 FTE from an existing recruiting core during the recruitment period. In contrast, the recruitment coordinators at the Tufts, Wake Forest, and Stanford sites were recruited exclusively for LIFE but served other duties in addition to recruitment (eg, assessment). Additionally, the Stanford site employed Spanish-speaking staff to recruit Hispanic participants.
Discussion
In the LIFE Study, eight field centers recruited 1,635 older adults, aged 70-89 years, at high risk for mobility disability for a PA intervention trial to prevent mobility disability over a 21-month period. The study met its recruitment goals for minority enrollment (22.5%) and SPPB scores (45% ≤7). The recruitment yield was 11.0% of the total screened volunteers, and approximately $840 was spent per randomized participant in direct recruiting costs. Importantly, we accrued 11% more follow-up time as a result of the accelerated recruitment rate throughout the recruitment phase. The primary reasons for exclusion were being too healthy or too active; as such we recruited a sample who were on the cusp of losing independent mobility and who reflected the characteristics of a large number of older adults living in the community. The success of the recruitment effort in LIFE can be greatly attributed to the lessons learned in the LIFE-P Study (8) and to the high prevalence of the target population in the community. The yields observed in LIFE are similar to those in LIFE-P, which are remarkable when considering the additional complexity of the recruitment effort due to the additional field centers and their diverse environments. The pilot study prompted several changes to the screening and recruitment strategies used in LIFE. First, in an effort to enhance intervention group differences in PA and prevent dropout or crossover, we modified the CHAMPS physical activity screening criteria to assess 18 items of moderate to vigorous intensity during the screening visits to exclude participants who were regularly active in moderate/vigorous activities. Second, we omitted the behavioral run-in in favor of very direct and repeated explanations of the requirements of the trial. Third, we added and emphasized a "participant expectations contract" to underscore the significant commitment required of participants in the trial. Given the similarities in yields in LIFE-P and LIFE, and the comparable efficiency of recruitment, it seems unlikely that these modifications played more than a minor role in the success of the recruitment effort. It is important to note that all field centers had considerable experience recruiting older adults and used strategies previously identified as important for successful recruitment of at-risk older adults (22) . The ability to connect with potential participants at the individual level and establish a rapport based on trust was emphasized at all sites, and strategies to enhance this were topics of discussion on Recruitment Committee monthly calls. The ability to operate on a flexible schedule for baseline assessments, the provision of transportation or monetary incentives to offset the burden of travel to assessment visits (which was not done in a systematic way across sites in LIFE-P), and the prompt and efficient follow-up calls were cited by the recruitment coordinators at all sites as critical to the success of the recruitment effort once a respondent had contacted study staff. The experiences from LIFE-P also allowed the investigators to refine the flow of participants, albeit minimally, through the screening visits to minimize travel and testing burden. This was critical given the number and variety of assessments collected in this trial.
The recruitment methods, yields, and costs in LIFE were comparable with other trials of behavioral interventions (23) . Ory and colleagues reported an average yield of 12.7% for eight very diverse trials and costs ranging from $103 to $939/ randomized participant. Gill and colleagues (24) reported costs of $764-868/randomized participant in a clinical trial of physically frail, community-living persons, aged 75 and older. Costs when targeting unique and challenging patient populations can be much higher ($2000+) (10), especially compared with trials using office visits for low burden interventions (25) . The LIFE Study costs of $840/randomized participant falls in the mid-range, perhaps reflecting the fact that although a large number of older adults would meet our inclusion criteria, they represent a challenging population to attract to intensive behavioral interventions. We employed multiple mailings to the same areas in an effort to attract older adults who may not have been ready to engage with the study when they received the first mailing. We were also cognizant of the fact that maximizing the number of followup years by completing recruitment within the 21-month recruitment period would increase the anticipated number of 400-m walk failures and increase the statistical power of the study. All field center recruitment staff identified the robust recruitment budget, which included resources for transportation to assessment visits and incentives, as a critical factor in the success of the LIFE Study recruitment effort. Without these funds, it would have been difficult to accommodate a diverse sample of individuals, particularly those at the lower end of the functional spectrum.
Mass mailing of brochures and letters was an efficient and cost-effective recruitment method by a wide margin.
A critical feature of contemporary mass mailing techniques is the relatively sophisticated targeting of age, sex, race, and zip code that can be achieved. Generally, a nontargeted list generates a 1% response, whereas a targeted list can generate a 2%-6% response (26) . All sites had a nonprofit bulk rate permit and a business reply account, obtained at the US Postal Service. The study brochure included a study telephone number and a tear-off postage paid mail-back card. Several sites also used their participant registries that allowed a very efficient use of resources since the registries contain the names and basic demographic information of older adults interested in participating in research. Events and television and radio advertisements were expensive methods that did not ultimately result in a large number of randomized participants. In contrast to LIFE-P, where only 6.8% of randomized participants came from the "Other" source, in the LIFE Study, this was 15% and it was, by far, the cheapest recruitment source.
The Hispanic population represents the second largest ethnic group in the United States (16.7%) but constitutes a relatively small proportion of older adults (4%). We set a goal of recruiting 4.4% ethnic minorities into the LIFE Study. This effort was mainly carried out at the Stanford field center where 18% of randomized participants were Hispanic. Stanford employed Latino bilingual staff, produced culturally appropriate recruitment materials, and provided all study-related forms in Spanish. A critical aspect to the success was the development of a satellite site in a location convenient to the Latino community. With the exception of Northwestern University, other field centers did not have a sufficiently high proportion of Hispanic older adults within their catchment area. Although Stanford's county of Santa Clara and Chicago's Cook County have similar Hispanic populations (27.2% and 24.4%, respectively), Northwestern University was not able to achieve its goal of 8% Hispanic enrollment. A potential reason for this was the absence of resources at Northwestern University to employ a bilingual staff to accommodate the Hispanic population. This highlights the importance of utilizing additional resources for recruitment of ethnic minorities into clinical trials.
The baseline characteristics of our sample are indicative of a group of older adults at very high risk for physical decline. By design, all the participants have existing lower extremity functional limitations (SPPB ≤9) although all were able to walk 400 m. However, they are living with significant comorbidity that reflects the situation of a large percentage of the older adult population aged 70 years and older. For example, the prevalence of diabetes in the LIFE Study is very similar to the Centers for Disease Control estimates for the population aged 65 years and older (~27%). Also, virtually all participants are overweight or obese, reflecting the increase in overweight and obesity that has occurred in the older adult population. Therefore, we are dealing with a population at high risk of health outcomes, which is relevant for the trial outcomes.
In conclusion, these data from the LIFE Study demonstrate the feasibility of recruiting a geographically and ethnically diverse population of older community-dwelling adults at high risk for mobility disability for a long-term PA intervention trial. Key strategies for future trials to consider for successful recruitment of at-risk older persons include adequate budget, focus on low-cost direct mailing and targeted newspaper advertisements, staff training and language ability, and resources to provide transportation and incentives for screening visits.
